Introduction
============

Influenza virus causes substantial social and economic losses not only by affecting job performance in healthy adults but also by increasing morbidity and mortality in high-risk groups, such as elderly adults, people with chronic conditions, infants, and pregnant women. In addition to causing annual outbreaks during winter, the influenza virus can undergo antigenic drift/shift and has the potential to cause worldwide pandemics every 10--40 years. Therefore, from a public health perspective, influenza is a disease that requires international surveillance and preparation \[[@B1]\]. To reduce the disease burden of influenza virus and improve public health, South Korea has implemented, with excellent results, the national immunization program (NIP) for influenza. Among the countries that are a part of the Organization for Economic Cooperation and Development, South Korea had the second highest influenza vaccination rate for people aged ≥65 years in 2013 \[[@B2]\]. However, to our knowledge, accurate summaries on the origins of influenza NIP and the changes made to reach its present form do not exist. Therefore, we sought to outline the course of influenza NIP transformation since its inception in 1997 and to review its present status.

History and present status of the NIP
=====================================

1. NIP objectives and structure {#sec1}
-------------------------------

The primary objectives of influenza NIP are to minimize the disease burden of influenza by providing priority vaccination to high-risk groups and to build a system capable of responding to influenza pandemic. The NIP\'s management structure is comprised of the Korea Centers for Disease Control and Prevention (KCDC); provincial and city public safety units; and city, district, and county public health units. The following are the responsibilities of public health units: determining vaccine demands/requirements, conducting vaccination programs, and recording and reporting individuals\' vaccination statuses and any adverse events (AEs). The provincial and city public safety units oversee the achievements of public health units concerning the vaccination and act as a bridge in conducting epidemiological investigations of AEs and reporting the results to the KCDC. The role of the KCDC is to manage the vaccine supply and registration, to review epidemiological investigations of vaccine-related AEs, and to manage compensations \[[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17]\].

2. Main changes in the timing, target groups, and methods of influenza NIP {#sec2}
--------------------------------------------------------------------------

When the NIP for influenza was established in 1997, the recommended period for vaccination was from September to October. However, because of the delayed occurrence of influenza outbreaks, the vaccination period was later changed to September--November in 2002 and September--December in 2004. Considering the fact that the effects of a vaccination last up to 6 months on average, the vaccination period was adjusted to October--December in 2005 and has remained so until now (except for the 2009--2010 and 2010--2011 seasons when the vaccination period started early (September--December) to include the H1N1 influenza vaccine) \[[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17]\]. In 2017, free vaccine recipients were expanded to cover young children from 6 months to \<5 years old. As such, for those infants receiving their first two-dose vaccination, their first dose was given in early September and the second dose was completed before the start of the season to develop sufficient immunity. Infants who reach 6 months of age after January 2018 will be allowed to receive free vaccinations until the end of April 2018 \[[@B17]\].

In the beginning, the priority group for influenza vaccination included adults aged ≥65 years and those with chronic health conditions. In 2002, the target group included healthcare providers and families of patients with chronic diseases. In 2003, pregnant women and people aged 50--64 years were included, and in 2004, infants and children aged 6--23 months and those who worked in avian flu response teams and related fields were also included. In 2010, the target group was extended to include children aged \<5 years and people living with high-risk family members ([Table 1](#T1){ref-type="table"}). Currently, pregnant women are included in the World Health Organization\'s first-priority influenza vaccination group, but were not included in the NIP\'s influenza target group until 2003. Even then, vaccination was not recommended for pregnant women who were in their first trimester, except for high-risk cases. In the 2005--2006 season, influenza vaccination was recommended for all pregnant women \[[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17][@B18]\]. During the 2016--2017 season, influenza instances were highly prevalent and rapidly widespread among students. Therefore, in an effort to counteract the risks accompanying communal lifestyles through frequent interactions with other individuals, all individuals aged 60 months to 18 years were included in the priority group for influenza vaccination in September 2017 \[[@B17]\].

###### Changes in the recommended influenza immunization targets over time

![](ic-49-247-i001)

  Influenza season (years)                                                                                                                                                                                                                                                                 Groups recommended for immunization
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------
  1997--1998                                                                                                                                                                                                                                                                               \- Patients with respiratory or heart disease
  \- Patients with chronic illness, receiving care or treatment in social welfare facilities or group homes                                                                                                                                                                                
  \- Patients requiring medical treatment for one of the following chronic health conditions: diabetes/metabolic syndrome; kidney disease; liver disease; malignant tumor; immunosuppressed conditions, hemoglobinopathies; and children 6 months to 18 years old who are taking aspirin   
  \- Elderly adults aged ≥65 years                                                                                                                                                                                                                                                         
  2002--2003                                                                                                                                                                                                                                                                               \- Healthcare workers, families of patients
  2003--2004                                                                                                                                                                                                                                                                               \- Pregnant women
  \- People aged 50--64 years                                                                                                                                                                                                                                                              
  2004--2005                                                                                                                                                                                                                                                                               \- Children aged 6--23 months
  \- SARS/avian flu response workers                                                                                                                                                                                                                                                       
  \- Workers of poultry farms and related fields                                                                                                                                                                                                                                           
  2007--2008                                                                                                                                                                                                                                                                               \- People aged 50--64 years removed from the second priority group
  \- Workers of pig farms and related fields                                                                                                                                                                                                                                               
  2010--2011                                                                                                                                                                                                                                                                               \- Children aged 6--59 months
  \- People living with patients with chronic health conditions, pregnant women, or elderly adults aged ≥65 years                                                                                                                                                                          
  \- People caring for infants aged \<6 months                                                                                                                                                                                                                                             
  2017--2018                                                                                                                                                                                                                                                                               \- Children aged 60 months to 18 years

SARS, severe acute respiratory syndrome.

In the 2017--2018 season, the NIP for influenza is recommended to people who are at a high risk for incidence of complications when infected with influenza virus (*i.e.*, elderly adults aged ≥65 years; children aged 6--59 months; pregnant women; people with chronic health conditions, such as chronic heart disease, chronic respiratory disease, liver disease, kidney disease, neuromuscular disorders, blood neoplastic disorders, diabetes, and immunocompromised conditions, or those taking immunosuppressants; children between 6 months and 18 years old taking aspirin; and adults aged 50--64 years), who are at a high risk of transmitting influenza to high-risk groups (*i.e.*, healthcare workers; people caring for infants \<6 months old; people living with individuals who have chronic conditions, pregnant women), and for those with community lifestyles (*i.e.*, children aged 60 months to 18 years old). As part of the avian influenza response strategy, vaccination has also been recommended to those who work in avian influenza response groups, poultry (chicken and duck) and pig farms, and related industries \[[@B17]\].

Influenza vaccination is not free of charge to all influenza NIP target groups. Until recently, influenza vaccination was provided free of charge only to elderly adults aged ≥65 years. In 1997, the influenza vaccination was free of charge only to low-income elderly adults. No clear record existed when was the exact season the influenza vaccination became free for all elderly adults aged ≥65 years, but it was likely during the 2005--2006 season, when the national financial support for the program substantially increased, which previously operated only on municipal budgets \[[@B6]\]. In the 2016--2017 season, infants aged 6 months to \<12 months were added to the free vaccination program, and the government reported a gradual extension of the free vaccination to young children \[[@B16]\]. During the 2017--2018 season, free vaccination services are expected to cover 2,140,000 young children from 6 months to \<5 years old \[[@B17]\]. In the 2018--2019 season, eligible recipients for free vaccinations are expected to include elementary, middle, and high school students as part of the priority group for influenza vaccination.

In 1997, free vaccination for elderly adults was available only at public health units, which resulted in long waiting periods, inconvenience, and safety issues. Thus, to improve the accessibility, convenience, and safety of influenza vaccination, the NIP began to commission influenza vaccination to private health sectors in the 2015--2016 season \[[@B15]\]. As a result, the overall influenza vaccination rate among elderly adults aged ≥65 years increased from 73% to 80.9%, when compared to the 2014--2015 season. In particular, the influenza vaccination rate increased in elderly adults aged ≥85 years by approximately 13% (from 56.1% to 69.3%) \[[@B16]\]. Thus, the transition to private health sectors has been a fairly successful strategy in the improvement of influenza vaccination rates and safety of elderly adults aged ≥85 years, who are less likely to access group vaccinations through public health units ([Fig. 1](#F1){ref-type="fig"}).
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To ensure the safety of vaccination, an influenza vaccine-screening questionnaire was developed in 2006, after the development of adult screening questionnaire in 2005 \[[@B7]\]. When the live vaccine was adopted in the 2009--2010 season, questions related to it were added. Since the 2010--2011 season, all questionnaires have been combined, for use across all ages and types of vaccinations \[[@B10][@B19]\].

3. Present status of influenza vaccine supply and uptake {#sec3}
--------------------------------------------------------

The amount of influenza vaccine supplied nationally has almost doubled, from 11,800,000 doses in the 2001--2002 season to approximately 24,380,000 doses in the 2017--2018 season. When the NIP for influenza was established, the required amount of the vaccine had to be imported; however, after the 2009 H1N1 pandemic, the influenza vaccine was produced domestically, and, at present, the domestic production meets approximately 70% of the vaccines required \[[@B17]\]. For adults aging ≥65 years, the government purchases vaccines through procurement contracts and then supplies them to public health centers and private clinics. For young children aged 6 months to \<5 years, private clinics purchase vaccines independently to reflect vaccine safety and vaccination convenience. From 2004, the government initiated the management of Internet-based monitoring of the vaccine supply status at public health units. In 2012 and 2015, the government implemented real-time services and developed vaccine supply systems for clinics and hospitals participating for NIP, respectively, thereby allowing for immediate response and management when vaccine shortage or supply problem occurs \[[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17]\].

Based on data obtained from the vaccination registration system, the number of recipients of the influenza vaccine has more than tripled in 20 years, from 3,200,000 people in the 1997--1998 season to 9,890,000 in the 2016--2017 season. This number includes all those who received the influenza vaccine free of charge, but not all those who paid for the vaccine, as registration in the system is not mandatory for those ineligible to receive free vaccination. Considering the number of people who paid for the vaccine but were not registered in the system, the increase rate could even be higher. The vaccination rate for adults aged ≥65 years is continuously increasing because of the expansion of services to private clinics. During the 2016--2017 season, 5,720,000 out of 6,940,000 eligible individuals (82.4%) were vaccinated. The vaccination for infants aged 6 months to \<12 months was initiated in the 2016--2017 season, and among the 320,000 eligible infants, the vaccination rate reached 87.9% (280,000) during the first round and 87.6% (270,000) during the second round of vaccinations.

4. Influenza vaccination registration and AEs {#sec4}
---------------------------------------------

Until the 2011--2012 season, the hospital or doctor\'s office reported data on vaccination registration and vaccine-related AEs to public health units, which then reported these to the KCDC. In July 2012, the vaccination registration systems were combined with the Integrated System for Disease Control/Public Health (<http://is.cdc.go.kr>), so that physicians can report directly through this integrated system. In addition, patients or their care givers can report their vaccination and any AEs through the Vaccination Adverse Event Reporting System (<https://nip.cdc.go.kr>). If an AE is reported after vaccination, the epidemiological study team at the city/provincial level performs a basic epidemiological investigation, and then the epidemiological study team at the KCDC performs a more detailed investigation. The vaccination injury study team conducts an investigation of the injury and reports the results to the Vaccine Injury Compensation Program committee. Once the committee has completed reviewing the reports and the required compensation, the results are reported to the Ministry of Health and Welfare. The Ministry of Health and Welfare then decides on the amount of compensation, notifies, and pays the patient through the KCDC.

The first four cases of suspected AEs after influenza vaccination were reported in 2002; since 2005, an average of 50 suspected AEs have been reported every year. In 2009 and 2010, when mass vaccination was conducted owing to the 2009 H1N1 pandemic, 2,109 and 493 cases were reported to have suspected AEs, respectively \[[@B20]\]. However, these AE reports only referred to symptoms occurring after the vaccination and not related to the reported adverse reaction to the vaccine. The first confirmed AE related to the seasonal influenza vaccine and compensated was a case of Guillain--Barré syndrome in 2004. From 2004 to 2016, only 12 cases of AEs have been confirmed to be related to the influenza vaccine \[[@B21][@B22]\]. Aside from the Guillain--Barré syndrome, other reported AEs included peripheral neuropathic disease, cellulitis, and purulent myositis. A relationship between narcolepsy and adjuvanted vaccine has been consistently questioned; however, there have been no related cases reported within Korea to date. Only a single case, in 2012, was considered to be related to the influenza vaccine, after administration of the live vaccine \[[@B21][@B22]\].

The number of reported cases of AEs for seasonal influenza vaccines is low. However, many suspected AEs have been reported for the H1N1 influenza vaccine, which was given to approximately 15,000,000 people to increase group immunity in at-risk populations over a short period of time \[[@B21][@B22]\]. The reports included 12 cases of Guillain-Barré syndrome and 4 suspected cases of narcolepsy. However, the latter were found to be unrelated to the H1N1 influenza vaccine \[[@B21][@B22]\], and the same result was confirmed in a study on soldiers \[[@B23]\].

5. Influenza immunization education and promotion program {#sec5}
---------------------------------------------------------

The standardization of the NIP for influenza, which was implemented in 1997 as an interim program, began in 2002, with the publication of the Influenza Immunization Program Guidelines. Since 2005, further progress has been made, resulting in the efforts and cooperation of related experts, by establishing and distributing the present form of the "Immunization Target Infectious Disease Epidemiology and Management Guidelines" to city/district/county public health units \[[@B3][@B4][@B5][@B6][@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14][@B15][@B16][@B17]\].

Influenza immunization field education started in 2007 at the city/district/county level, by training new employees and information technology personnel performing the registration. In addition, as part of the government\'s plan of active response to the 2009 H1N1 influenza pandemic, an Influenza Immunization Professional Education Program was established, targeting private and city/district/county-level healthcare agencies, and this has been operating since then. In addition, a structured online educational program has been operating since 2013, through the KCDC training system \[[@B24]\].

Immunization is a preventive measure conducted before the onset of an infectious disease, requiring the voluntary participation of the immunization program. The KCDC\'s promotion activity of influenza immunization became full-fledged in 2004, with the establishment of the Immunization Control Team. In 2007, an online campaign was developed, and since 2011, the various programs have been providing influenza-related information and encouraging immunization through social network systems.

6. The pandemic H1N1 influenza vaccination program {#sec6}
--------------------------------------------------

The H1N1 Influenza Vaccination Program, which started to operate from 2009 to 2010, ended the 2009 H1N1 pandemic and addressed the shortcomings of the existing system. The first case of H1N1 influenza was confirmed in the United States on April 26, 2009. In Korea, the first case was confirmed on May 2, 2009; by mid-August, the rate of reported cases of influenza-like illness was more than 2.67/1,000 persons, which meets the criterion for an epidemic. By early October, H1N1 influenza had rapidly spread across local communities, centering in schools, and by late October, the numbers had reached their highest at 45.00/1,000 persons. Because at that time, the influenza vaccine was dependent on foreign supplies, it was difficult to raise immunity in the population in a short time span. Nevertheless, to minimize the widespread and to put an early end to the epidemic, work on the domestic production of H1N1 influenza vaccine began at the end of April 2009. On October 21, 2009, the Ministry of Food and Drug Safety approved the H1N1 vaccine per individual without adjuvant, and on January 5, 2010, the H1N1 vaccine per group with adjuvant was also approved \[[@B25]\].

The government devised an immunization plan to achieve a 39% vaccination rate in the total population. In July 2009, the "H1N1 Influenza Immunization Planning Committee" was established. The committee\'s plan included creating a central influenza response team in the public health unit and providing immunization at healthcare agencies, schools, and public health units, under the supervision of local public health units \[[@B25]\]. Considering the level of H1N1 influenza immunity in various age groups, those at a high risk for infection and those who are at high risk for transmission were prioritized. From October 27, 2009, vaccination was administered in the following order: healthcare providers and military public service members, students (November 2009 to January 2010), infants and children aged 6--59 months (December 2009), and pregnant women (December 2009 to January 2010). Following these groups, soldiers (January 2010), residents of social welfare facilities (January 2010), elderly adults (January--February 2010), and people with chronic health conditions (January--February 2010) received the approved adjuvanted vaccine. From October 2009 to May 2010, approximately 14,750,000 doses of the H1N1 influenza vaccines were administered, which was 75.4% of the planned 18,890,000 doses. In December 2009, the number of influenza patients decreased steadily, and the H1N1 influenza epidemic ended with a total of 763,759 cases as of August 2010 ([Fig. 2](#F2){ref-type="fig"}) \[[@B26]\].
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Conclusion
==========

The NIP for influenza overcame the 2009 H1N1 pandemic and many of its shortcomings by changing the vaccine supply control system and immunization registration and AE management systems and by delegating immunization to private healthcare agencies. With these improvements, the safety of the influenza vaccine has been confirmed, domestic vaccine production has been successfully established, and high vaccination rates have been achieved among infants aged 6 months to \<12 months and elderly adults aged ≥65 years. However, the main problems that are unique to the influenza virus and vaccine, such as vaccine mismatching and low vaccine effectiveness in elderly adults and children, remain. Support/funding for influenza risk groups other than infants (6--59 months) and elderly populations is also lacking, and a considerable influenza disease burden remains in Korea \[[@B27][@B28]\]. As the target influenza vaccination rate among elderly adults has been achieved, the next step is to conduct further research to evaluate the most cost-effective type of vaccine (*e.g.*, quadrivalent, adjuvanted, or high dose). The NIP for influenza has been operating for 20 years, with the primary objective of reducing the disease burden in high-risk groups. However, for high-risk groups, other than elderly adults and children aged ≤59 months, there has been very little control of immunization, resulting in a blind spot. Thus, a strategy should be formulated to improve the vaccination rate among the two high-risk groups: (1) pregnant women and (2) people with chronic health conditions, who most likely experience complications associated with influenza.
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